I . The combined effects of feeding hydrogenated fats and varying the levels of biotin and linoleate (18:2w6) on polyunsaturated fatty acids were studied in the chicken.
Giving certain dietary lipids may complicate the effects of biotin deficiency and contribute to the development of FLKS and SDS. Today's poultry diets often contain spent restaurant greases and hydrogenated fats. Prolonged heating and catalytic hydrogenation result in the formation of positional and geometrical isomers of unsaturated fatty acids, particularly of 18: 1. Studies with rats have shown that some of these isomers inhibit the A6-and A5-desaturase enzymes which are necessary for the conversion of linoleate to arachidonate (Mahfouz et al. 1980; Hill et al. 1982; Lawson et al. 1985) . In addition, hydrogenated fats often contain low levels of linoleate (Thomassen et al. 1984) . The presence of trans-18: 1 in poultry diets, and the possibility of reduced desaturation of linoleate, might further jeopardize the synthesis of prostaglandins by reducing the substrate.
The present study was designed to examine the combined effects of biotin deficiency and the feeding of diets containing hydrogenated fats or low levels of linoleate to young chickens. The primary objectives were : (1) to determine whether biotin deficiency symptoms were exacerbated by feeding hydrogenated fats or low linoleate ; (2) to measure the incorporation of geometrical isomers of 18: 1 into chick tissues; ( 3 ) to determine the effects of the dietary treatments on fatty acid profiles in heart, liver, brain, abdominal fat pads and lungs.
M A T E R I A L S A N D M E T H O D S

Diets, animals and tissues
Twelve experimental diets were prepared from the basal diet which was adequate in all nutrients for chickens (National Research Council, 1984) except biotin and linoleate ( Table  1) . Each diet contained added biotin at 0, 200 or 400 ,ug/kg diet and 50 g/kg of one of the following lipid sources : maize oil (MO); partially hydrogenated soya-bean oil (HSBO); a mixture of triolein, tripalmitin and tristearin (30: 30: 40, by wt; OPS); or spent restaurant grease (SRG). The purified triglycerides were purchased from the United States Biochemical Corporation (Cleveland, OH). Dried egg albumen was added to the diets as a source of avidin which binds biotin. All diets contained 14.2 MJ metabolizable energy and 246 g crude protein (nitrogen x 6*25)/kg.
Male broilers (Hubbard strain; I-d-old) were randomly assigned to the twelve treatments with two replicate pens per treatment and eight chickens per pen. The chickens were maintained in battery brooders with a daily cycle of 18 h light-6 h dark (06.00-24.00 hours light). Feed and water were provided ad lib. for the duration of the 21 d experiment. Total feed consumptions and weight gains were determined at the completion of the experiment for calculation of feed efficiency (total gain/total feed) on a pen basis.
On day 21, chickens were weighed and scored for twisted leg and dermatitis on a scale of 0 4 (Watkins & Kratzer, 1987a) . Chickens were killed by cervical dislocation. Tissues were surgically removed and frozen at -20" for subsequent analyses for biotin content in liver and heart, and fatty acid compositions of liver and heart phospholipids and triglycerides. The total trans-18: 1 fatty acids were measured in brain, abdominal fat pads, heart, liver and lungs and in phospholipids and triglycerides of heart and liver.
Analytical procedures
Biotin was measured by the radiochemical method of Hood (1977) in liver and heart from chicks fed on MO. The number of chick tissues assayed varied with treatment.
Total lipids from brain, fat pads, heart, liver and lungs were extracted in chloroform-methanol (2: 1 , v/v) by the method of Bligh & Dyer (1959) . In addition, triglycerides (TG) and phospholipids (PL) were separated in lipid extracts from hearts and livers using thin-layer chromatography (TLC), with a developing cocktail of light Fatty acid analysis was also done for each dietary lipid source, and the cis-: trans-isomer ratios of 16: 1 and 18: 1 in HSBO and SRG were determined in triplicate by combined argentation-TLC (Dudley & Anderson, 1975) and gas-liquid chromatography (as described previously). Silver nitrate-impregnated TLC plates were prepared by immersing precoated plates into a saturated methanolic solution of silver nitrate. Methylated samples of each lipid were applied, and the plates were developed twice in hexane4ethyl ether-glacial acetic acid (94 : 4: 2, by vol.). Methyl nonadecanoate was added as an internal standard to the recovered fractions which were then analysed by gas-liquid chromatography. Cis-: trans-isomer ratios in tissue lipids (brain, fat pads, heart, liver, lungs, and heart and liver TG and PL) were also determined for eight chicks fed on diets containing HSBO and SRG with 400 ,ug of added biotinlkg diet.
Statistical analyses
Values for body-weights, feed efficiencies, and twisted leg and dermatitis scores were subjected to an analysis of variance (Snedecor & Cochran, 1974 ) with a 4 x 3 factorial arrangement of treatments (four dietary lipids with three levels of biotin). Values for biotin levels in liver and heart were subjected to a one-way design of analysis of variance (Snedecor & Cochran, 1974) . Fatty acid values were evaluated as a 4 x 2 factorial BRUCE A/WATKINS Bonferroni's multiple-comparison post-priori test (P < 005). 7. Details of extraction and separation are described on pp. 100-101.
arrangement of treatments (four dietary lipids with two levels of biotin). The statistical models did consider variation between chicks within pens and between pens for all values except feed efficiences. Bonnferroni's multiple-comparison post-priori test or Duncan's multiple-range test were employed when significant differences existed (Neter & Wasserman, 1974) . The standard error of the mean was calculated for liver biotin levels. Variation between means for performance values, deficiency symptoms and fatty acid values was expressed as a pooled standard deviation (the square root of the mean square for error) since sample sizes were unequal. Data were presented to indicate individual treatment means and the significant main effects and interactions. The statistical models used revealed no significant pen effect on the measurements taken.
R E S U L T S
A fatty acid compositional analysis of the four dietary lipid sources is given in 6, 7. Details of extraction and separation are described on pp. 100-101.
was only 1 g/kg diet. The linoleate requirement for the chick has been established at 10 g/ kg diet (National Research Council. 1984) . Body-weight, feed efficiency, and twisted leg and dermatitis values are presented in Table  3 . Average body-weights were dependent on the level of biotin and the lipid source fed. There were no differences among body-weights of chicks given 0 yg added biotin, indicating no confounding effects of fat source on growth depression caused by biotin deficiency. Chicks fed on 400 pg added biotin and OPS or SRG weighed less than those fed on diets containing the same amount of added biotin with MO or HSBO. Chicks fed on HSBO grew most rapidly. The incidence of twisted leg was dependent on the biotin level and lipid source fed, while the dermatitis response was due only to biotin deficiency. Feed efficiency improved with the addition of biotin at 200pglkg diet for all lipid sources fed.
Biotin levels in liver and heart tissues were dependent on the amount of biotin fed (Table  4) . Chicks receiving 0 yg biotin had the lowest levels of this vitamin in both tissues. Levels of biotin in heart were much lower than those in liver.
Fatty acid compositions of liver TG are shown in Table 5 (only major fatty acids are * Total chicks sampled for 0 and 400 pg biotin respectively, MO, n 5, 8; HSBO, n 7, 8; OPS, n 5, 6; SRG, n 6, t Only the major fatty acids are listed.
7. Details of extraction and separation are described on pp. 100-101.
presented so the totals are not 100%). Chicks receiving Opg added biotin and adequate linoleate (MO) had lower levels of 16:O and 18:0, but higher levels of l6:1, 18:2w6, 18 : 3w3, 18 : 3w6 and 20: 4w6 (Table 5) . Biotin-deficient chicks fed on HSBO and OPS also had higher levels of 18 : 2w6, 18 : 303 and 18 : 306 compared with chicks receiving 400 pg biotin. Higher levels of linoleate, a-linolenate (1 8 : 3w3) and 18 : 3w6 occurred duri,ng biotin deficiency independent of the linoleate levels fed. The changes in fatty acids observed in chicks fed on SRG were not great enough to be significant.
Heart TG (Table 6 ) contained higher levels of 17 : 0 and 20 : 4w6 and lower levels of I8 : 1, l8:2w6 and 20:3w6 in biotin-deficient chicks fed on MO compared with chicks receiving 400 pg biotin. Chicks fed on OPS and SRG tended to have higher levels of 16: 1 and 18: I in liver and heart TG compared with chicks fed on MO and HSBO. This may be due to the higher levels of 16 : 0 and 18 : 0 in OPS and SRG (Table 2) and to the chick's ability to desaturase these fatty acids.
Fatty acid values in liver and heart PL are presented in Tables 7 and 8 respectively (only major fatty acids are presented so the totals are not 100 %). Observations in liver PL due to biotin deficiency included increased values for 18 : 2w6 in the MO and HSBO treatments but values for 18:O and 20:3w6 were decreased in all lipid treatments. Also with biotin
Brain
Fat pad Heart Liver Lung deficiency in liver PL, elevated levels of 17:O were found in the MO and SRG treatments, levels of 16: 1 and 18: 3w6 were higher in the SRG treatment, and in the HSBO treatments, 20 : 4w6 was increased while 20: 5w3 was decreased. In heart PL, the value for 20 : 4w6 in the HSBO treatment was elevated and values for 20: 306 were decreased in all lipid treatments due to biotin deficiency. Values for 18: 0 and 18: 1 were decreased for the MO and OPS treatments respectively. Levels of linoleate in liver and heart PL were highest in the MO and HSBO treatments but 20:4w6 levels were lower in the HSBO treatment when adequate biotin was fed. Values for 20:5w3 in liver and heart PL were lowest in the MO treatment compared with the other lipids. These findings would indicate that biotin deficiency results
I08 BRUCE A. WATKINS
in depressed elongation of 18 : 306 and that significant alterations in polyunsaturated fatty acids occur in liver and heart PL. Incorporation of trans-isomers of 18 : 1 into the tissues of chicks receiving 400 ,ug biotin/ kg was dependent on the dietary level of trans-18: 1, and on tissue type and lipid fraction ( Figs. 1 and 2 ). Much less trans-isomer was found in tissues of chicks fed on SRG than in chicks fed on HSBO. Brain tissue contained the lowest levels of trans-isomers (Fig. 1) .
Chicks fed on HSBO had about 16 YO trans-isomers in liver and slightly less in heart, lung and fat pads, but those fed on SRG had about 3 % in all these tissues. There was a significantly greater incorporation of trans-18 : 1 into PL compared with TG in heart and liver of HSBO-fed chicks (Fig. 2) . Lower levels of trans-18: 1 were found in PL and TG in chicks fed on SRG.
DISCUSSION
In the present study, biotin deficiency did not result in depressed arachidonate levels. For all four dietary lipid sources, tissue levels of arachidonate were either higher or unchanged in the biotin-deficient chicks when compared with the biotin-adequate groups. In an earlier study, Watkins & Kratzer (19876) found arachidonate to be lower in liver total fatty acids of biotin-deficient chicks compared with their biotin-adequate counterparts at 15 d of age but not at 21 d. Perhaps the changes in 20:4w6 levels due to biotin deficiency are agerelated or the amounts of lipids, triglycerides or phospholipids, or all three, change. Research by Gibson et al. (1984) suggests that membranes are buffered from extreme changes in fatty acid compositions which might be expected from differences in dietary lipids. Nutritional stresses may first result in reduced levels of total phospholipids rather than in altered fatty acid profiles. Unfortunately, levels of triglycerides and phospholipids could not be quantified in the present experiment.
A consistent observation in the present experiment and in previous studies with biotindeficient chicks (Watkins & Kratzer, 1987a, b) , is a depression in 20: 3w6 in liver and heart lipids. Based on fatty acid profiles of tissue lipids, it appears that elongation of y-linoleate is reduced in biotin deficiency. Although arachidonate serves as a major precursor of prostaglandins, the prostaglandins and related compounds biosynthesized from 20 : 3w6 may be reduced in the biotin-deficient chicken. The effects of biotin deficiency on 20: 3w6 eicosanoids has not been studied in the chicken.
The changes in linoleate levels in liver T G were particularly dramatic. In the chicks fed on MO and HSBO, there was nearly a threefold increase in 18 : 2w6 with biotin deficiency. Since the liver is the site of 90-95 % of all de novo fatty acid synthesis in the chick (O'Hea & Leveille, 1969) , and a site of triglyceride synthesis, the increased levels of 18:2w6 may result from attenuated de novo synthesis of non-essential fatty acids. Also a block in the synthesis of dihomo-y-linolenate due to reduced elongation of y-linolenate during biotin deficiency may elevate linoleate (lower flux through the w6 pathway). The latter may contribute more to higher 18 : 2w6 since elongation of y-linolenate is depressed (lower 20: 3w6) in liver slices of biotin-deficient chicks (B. A. Watkins, unpublished results) .
The most significant change in fatty acid profiles resulting from feeding HSBO to chicks, with adequate biotin, was a decrease in arachidonate in liver and heart PL compared with chicks fed on MO (9.53 v. 14.62 and 12.76 v. 15.87). Levels of w3 fatty acids (18: 3w3 and 20:5w3) in liver and heart PL of chicks fed on HSBO were increased compared with chicks fed on MO, as a consequence of the higher levels of 18 : 303 present in the HSBO. Similar trends were seen in lungs, but the effects were less dramaic (values not shown). Fatty acid profiles in brain and abdominal fat pads (not shown) were practically unchanged by feeding HSBO. These findings support previous results (Rogel & Watkins, 1987 ) that arachidonate levels in liver microsomes are decreased when chicks are fed on HSBO and adequate biotin (200 ,ug added biotin/kg diet). Similar observations were also reported for rats (Lawson et al. 1983) .
Positional and geometrical isomers of 18 : 1 have been shown to inhibit liver microsomal desaturation of linoleate and dihomo-y-linolenate in vitro (Mahfouz et al. 1980 (Mahfouz et al. , 1981 . In rats, trans-18 : 1 isomers are more effective than cis-18 : 1 isomers in reducing arachidonate levels. The cis-18: 1 isomers appears to compete for acylation at the 2-position of liver phosphatidylcholine, while trans-18: 1 isomers are found mostly in the I-position of liver phosphatidylcholine and phosphatidylethanolamine (Lawson et al. 1985) .
In the present experiment trans-isomers were incorporated into all five tissues investigated. When HSBO (which contained 42 YO of 18: 1 in the trans form) was fed, 1&16 YO of the tissue 18: 1 found in fat pads, heart, liver and lungs was in the trans form. Tissue trans-isomer levels were much lower, less than 4%, when SRG was fed (SRG contained 17% of the total 18: 1 as trans-isomers). These results indicate that the dietary level of trans-isomers influences the incorporation of trans-18 : 1 into several tissue lipids except brain, which contained 1.7 YO trans-isomers of 18 : 1. The low level of incorporation of trans-fatty acids into brain is thought to be due to slower rates of fatty acid metabolism and turnover in this organ (Dhopeshwarkar & Mead, 1973) .
Results similar to those seen here for chicks have been reported previously for other species. Trans-isomers were incorporated into various tissues when rats were fed on hydrogenated fats (Egwim & Sgoutas, 1971 a, b ; Emken, 1984; Blomstrand et al. 1985) and were found in human tissues studied at autopsy (Cook, 1981 ; Kummerow, 1983) .
Values in Fig. 2 show that higher proportions of trans-18: 1 accumulated in PL of heart and liver than in TG of these two organs. Studies in rats suggest that this may be due to a lowered incorporation of cis-18: 1 isomers in PL (Wood, 1979) . Incorporation of cis-18 : 1 isomers into tissues was not examined in the present study, although fatty acid profiles indicate that positional isomers were present in both cis and trans forms.
Studies with rats have shown that trans-isomers of 18: 1 can exaggerate symptoms of essential fatty acid (EFA) deficiency (Privett et al. 1977; Hill et al. 1979) . Unlike the rats studied by Thomassen et al. (1 984) , which showed elevated levels of 20 : 3w9 after 3 weeks of feeding EFA-deficient diets, the chicks in the present study fed on SRG or OPS showed no EFA-deficiency signs. Chicks do not generally develop EFA deficiency signs this early (Craig-Schmidt et al. 1986) , so this was not unexpected. Feeding isomers of 18: 1 at the levels chosen for the present experiment were not effective in triggering EFA deficiency symptoms at this time.
Altered linoleate metabolism may contribute to the aetiologies of FLKS and SDS. Biotin deficiency reduced the levels of dihomo-y-linolenate in the chicken, presumably by depressing elongation of y-linolenate (B. A. Watkins, unpublished results). On the other hand, feeding trans-18: 1 fatty acids to chickens appears to lower arachidonate levels in liver. The combined effects of marginal biotin and dietary fats high in trans-fatty acids may precipitate SDS in commercial meat-type chickens reared under normal husbandry conditions. Experiments are planned to determine if practical diets containing varying levels of biotin and blended fats can influence the incidence and severity of FLKS and SDS symptoms in chickens reared to market age.
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